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[57] ABSTRACT
Separatlon of a chemical substance is effected by treat-

~ ing a mixture thereof with a polysaccharide having a

substitutent for hydroxyl group an acyl group of the
formula (1) or a carbamoyl group of the formula (2):

o e
—O—C—-R (1) ==—C—NH—R (2}

wherein R represents an atomic group havmg a nucleus
comprising a conjugated #-bond system in which the
number of bonds interposed between an atom contained
therein and bonded with the carbonyl or amino group
and an atom contained in the 7-bond system and most
distant from said atom is at least 5 even in the shortest

route

9 Claims, 1 Drawing Sheet
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SEPARATION AGENT COMPRISING ACYL- OR
CARBAMOYL-SUBSTITUTED
POLYSACCHARIDE

This application is a division of Ser. No. 07/392,764,
~filed Aug. 11, 1989, now U.S. Pat. No. 5,017,290 which
is a division of Ser. No. 07/358,895, filed May 30, 1989,
now U.S. Pat. No. 4,966,694 which is a division of Ser.
No. 07/246,449, filed Sept. 19, 1988, now U.S. Pat. No.
4,879,038, which is a continuation-in-part of Ser. No.
06/716,791, filed Mar. 27, 1985, now abandoned.
This invention relates to a separation agent which
COmprises a polysacchandc derivative having an acyl or
a carbamoyl group as a substituent for a hydroxyl
~group. It has a conjugated w-bond system. The separa-
tion agent of the invention is useful for separation of
various chemical substances, eSpecmlly optical resolu-
tion of optical isomers. In addition, it serves for separa-

tion of geometrical isomers and polymers having differ-

‘ent molecular weight ranges from each other. They
‘have not easily been separated in the state of the prior
art. | |

used for separation of all sorts of chemical substances,
particularly for optical resolution of them.

It has been well known that optical isomers of a
chemical compound have effects different from each

other in vivo generally. Therefore, it is an important

problem to obtain chemwally pure compounds for the
purposes of improving medicinal effects per unit dose of
the compounds or removing adverse reactions thereof
and damage from them in medical, agncultural and
biochemical fields. A mixture of optical isomers has
been optically resolved by preferential crystallization
process or diastereomer process. However, vaneties of
the compounds capable of being optically resolved by

these processes are limited and these processes require a

long time and much labor. Under these circumstances,
development of a technique of conducting the optical
resolution by an easy chromatographic process has

eagerly been demanded.
~ Chromatographic optical resolution has bccn mvcstl-

gated from old times. However, resolving agents devel-

oped heretofore have problems that they have only an

unsatisfactory resolution efficiency, compounds to be
resolved should have a specific functional group or
their stability is only poor. Thus, it has been difficult to
optically resolve all sorts of compounds with sausfac-
tory results. ,

An object of the present invention is to provide a
resolving agent having a chemical structure different
from those of known resolving agents and, therefore,
resolving characteristics different from those of the
~known ones or a higher faculty of discriminating and
identifying the optical 1somers.

Particularly, the asymmetric structure of the polysac-

‘charide is amplified by modifying it with a substituent
~ having a sufficient length so as to obtain a higher faculty
of identifying optical isomers. |

The above-mentioned object of the present invention
is attained by an agent for separation which contains as

an effective component a polysaccharide derivative

having as a substituent an acyl group of the following
formula (1) or a carbamoyl group of the followmg for-

mula (2):

The resolving agent of the present invention can be
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I II
~0—C—=R (1) =—O0—C—NH—R ()

wherein R represents an atomic group having a nucleus
comprising a conjugated -bond system in which the
number of bonds interposed between an atom contained
therein and bonded with the carbonyl or amino group

y and an atom contained in the 7-bond system and most

distant from said atom is at least 5 even in the shortest

route. | .
The resolving agent of the invention exhibits prefera-

.bly different powers of adsorbing dlffercnt optical iso-

mers of a given compound.
In the identification of the asymmetnc structure of a.

cellulose derivative such as cellulose tnbenzoate or
cellulose trisphenylcarbamate, an asymmetric space

 formed by adjacent substituents on C; and Cj3 of the

20

cellulose may contribute most greatly to the identifica-
tion. Therefore, the inventors thought that the enlarge-

- ment of said space would increase the faculty of identi-

25
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fying optical isomers. After intensive investigations, the
inventors have found surprisingly that the polysaccha-
ride derivatives having the abovementioned substitu-
ents have quite’ excellent faculty of identifying optical
isomers. The present invention has been completed on
the basis of this finding. -

The term *“polysaccharide” herein involves any 0pt1-
cally active polysaccharide selected from the group
consisting of synthetic, natural and modified natural
polysaccharides. Among them, those having highly
regular bonds are preferred. Examples of them include
B-1, 4-glucans (celluloses), a-1, 4-glucans (amylose and
amylopectin), a-1, 6-glucan (dextran), -1, 6-glucan
(pustulan), 8-1, 3-g]ucans (such as curdlan and schizop-
hyllan), a-1, 3-glucan, B-1, 2-glucan (Crown gall poly-
saccharide), 8-1, 4-galactan, $-1, 4mannan, a-1, 6-man-
nan, 3-1, 2-fructan (inulin), B-2, 6-fructan (levan), B-1,
4-xylan, ‘8-1, 3-xylan, 8-1, 4-chitosan, S-1, 4-N-acetyl-
chitosan (chmn) pullulan, agarose and alginic acid. Still
preferred ones are those capable of easily yielding
highly pure polysaccharides, such as cellulose, amylose,
f3-1, 4-chitosan, chitin, 8-1, 4—mannan B-1, 4-xylan,
inulin and curdlan.

These po]ysacchandes have a number-average de-
gree of polymerization (average number of pyranose or
furanose rings in the molecule) of at least 5, preferably
at least 10. Though there is provided no upper limit of
the degree of polymerization, it is preferably 500 or less
from the viewpoint of easiness of the handling. |

In the substituents of the polysacchande derivatives
of the following formulae according to the present in-

vention:
55

o 0
I y |
sugar-O—C-—R and sugar-O~C—NH—R,

R reprcsents an atomic group comprising a conjugated
wr-bond system having at least a given length and capa-
ble of conjugation with the carbonyl or carboxyamino

- group. The term “at least a given length” herein means

“that the number of bonds interposed between an atom
65

bonded with the carbonyl or carboxyamino group and
an atom contained in the conjugated 7r-bond system and

- most distant from said atom is at least 5 in even the

shortest route. The term “'zr-bond system" refers to not



- 3
only usual double and triple bonds, but also lone elec-
tron pairs and vacant orbitals capable of conjugation
with them. For example, in a p-methoxybenzoate group
 of the following formula: |

the conjugated #-bond system corresponding to R is
conjugated with the carbonyl group. However, in this
structure, the number of bonds interposed between an
atom bonded with the carbonyl group, 1.e., Ci, and an
‘atom contained in the conjugated w-bond system and
most distant from said atom (Cy), i.e., an oxygen atom of 20
- the methoxy group, is 4. Therefore, this structure is not
- included in the present invention. Examples of R in-
- cluded in the invention are as follows: -

(1) substituted phenyl groups such as those shown

below: »

(2) phmylcthgnyl md phcny]cthynyl groups:

'5.075.009
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30
35
wherein X represents an |
alkyl, aryl, hydroxyl, |
alkoxy or amino group or 40
“the like
45
_whcfein Y répreﬁentsln o 30
aryl, alkyl, carboalkoxy
or cyano group or the
like
55
60
65

(3) condensed aromatic ring and condénscd hc’tcrq

- aromatic ring groups such as those shown below:
10

as well as substituted derivatives of them. The number,

position and variety of the substituents are not particu-

larly limited. o |
30 to 100%, preferably 85 to 100%, of the hydroxy!

groups of the polysaccharides forming the derivatives

~ should be acylated or carbamoylated in the present

invention. The balance of the hydroxyl groups may be

~ present in the form of free hydroxyl groups or they may
- be esterified, etherified or carbamoylated so far as the
- resolving capacity of the resolving agent is not dam-

aged. - | | |
When a styryl or phenyl group is introduced into a

cellulose or amylose triphenylcarbamate derivative, a

high liquid-cry's_t_alliz.’ability or crystallizability is expect-
able, since the side chains are arranged regularly and



the rigidity of the main chain is increased. Therefore, it
was believed that these triphenyl derivatives might
‘have an mterestmg 0pt1cal resolution power.

5,075,009

Since an interesting change in the optical resolution

power was observed when chloroform was added to
the eluent, the effect of using chloroform with these

polysaccharide derivatives was also investigated.
It .'also was believed that when

s introduced into position 4 of a cellulose triphenylcar-

10

15

- bamate derivative, the conjugated system of the phenyl

group would become larger and the characteristics of
the side chain as the mesogenic group would become

more remarkable. On the basis of this idea, cellulose
tris[4-(2-phenylethynyl)phenylcarbamate] was exam-

- ined with respect to its optical resolution power.

The optical resolution powers of triphenylcarbamates

having an phenoxy group as a substltuent also were

investigated.
To synthesize the polysaccharide derivative used in

~ the present invention, a corresponding polysaccharide
is pretreated suitably, if necessary, and then reacted

with an acylating agent or carbamoylating agent. The.

acylating agents include usually corresponding acid
“halides, acid anhydrides and mixed anhydndes with
other strong acids. Usually, the reaction is conducted in
- the presence of a catalyst comprising a tertiary amine,
particularly pyridine or an acidic substance. The car-
bamoylating agents include usually corresponding 1so-
cyanates. The reaction proceeds easily in the presence
of a catalyst comprising a tertiary amine or a Lewis
acid. In produemg mixed derivatives, the substituted
polysaccharide is reacted with these reagents or, alter-
natively, the polysaccharide is reacted with these rea-
gents and then with other esterifying, etherifying or
carbamoylating agent (see, for example, “Dai-Yuki

- Kagaku”, ‘Tennen Kobunshi Kagaku I and II’, pub-

lished by Asakura Book Store, and R. L. Whistler

“Methods in Carbohydrate Chermstry“ I11, IVand V,

published by Academic Press).
- The resolving agent of the present invention is used

20

25
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sure, to prevent swelling or shrinkage thereof due to
solvent exchange or to reduce the number of theoretical
plates. The suitable size of the carrier which varies
depending'on- the size of the column or plate used is
generally 1 um to 10 um, preferably 1 to 300 um. The

- carrier is preferably porous and has an average pore

diameter of 10 A to 100 um, preferably 50 to 50,000 A.
The amount of the resolving agent to be supported is 1
to 100 wt. %, preferably 5 to 50 wt. %, based on the

carrier.

The resolving agent may be supported on the carrier
by either chemical or physical means. The physrca] |

‘means includes one wherein the resolving agent is dis-

solved in a suitable solvent, the resulting solution is
mixed with a carrier homogeneously and the solvent is

distilled off by means of a gaseous stream under reduced

pressure or heatmg and one wherein the resolving agent
is dissolved in a suitable solvent, the resulting solution is
mixed homogeneously with a carrier and the mixture is
dispersed in a liquid incompatible with said solvent by
stirring to diffuse the solvent. The resolving agent thus
supported on the carrier may be crystallized, if neces-
sary, by heat treatment or the like. Further, the state of
the supported resolving agent and accordingly its re-
so]vmg power can be modified by adding a small

amount of a solvent thereto to temporarily swell or

30

35

dissolve it and then dlstlllmg the solvent off.
Both porous orgamc and inorganic carriers may be
used, though the latter is preferred The suitable porous

‘organic carriers are those comprising a high molecular

substance such as polystyrene, polyacrylamide or poly-
acrylate. The suitable porous inorganic carriers are
synthetie or natural products such as silica, alumina,
magnesia, titanium oxide, glass silicate or kaolin. They
may be surface-treated so as to improve their affinity for

“the resolving agent. The surface treatment may be ef-

fected with an organosilane compound or by plasma

polymerization.
In liquid or thin layer chromatography, any devel-

~ oper may be used except those in which the resolving

agent is soluble or which are reactive with the resolving
agent. In case the resolving agent has been bound to the

- carrier by the chemical process or it has been insolubil-

45

for the purpose of resolving compounds and optical

~ isomers thereof generally according to a chromato-
graphic method such as gas, liquid or thin layer chro-

| rnatographrc method. Further, the resolving agent may

be used in membrane resolution method.
In using the resolving agent of the present invention

“in liquid chromatography, there may be employed a
- method wherein the powdered resolving agent is

- packed in a column, a method wherein a capillary col-
umn is coated with the resolving agent, a method
wherem a capillary is made from the resolving agent to
~ use the inner wall thereof and a method wherein the
resolving agent is spun and bundled up to form a col-
umn. Among them, the method wherein the powdered
resolving agent 1s employed is most general.

- The resolving agent is powdered preferably by crush-
ing or by forming beads. The particle size which varies
depending on the size of a column or plate used 1s 1 um

to 10 um, preferably 1 to 300 um. The particles are

preferably porous.
It 1s preferred to support the reso]wng agent on a

carrier SO as to lmprove the durability thereof to pres-

35

65

ized by crosslinking, any solvent other than a reactive
liquid may be used. As a matter of course, it is preferred
to select the developer after examination of various
developers since the resolvmg characteristics of chemi-
cal substances or optrcal Isomers Vary dependlng on the
developer used. |
In the thin layer chromatography, a layer havmg a
thickness of 0.1 to 100 mm and comprising the resolving
agent in the form of particles of about 0.1 um to 0.1 mm

‘and, if necessary, a small amount of a bmder is formed

on a supporting plate.
In the membrane resolution process, the resolving

‘agent is used in the form of a hollow filament or film.

EFFECTS OF THE INVENTION

The resolving agent of the present invention contain-
ing the polysaccharide having an acyl or carbamoyl
substituent as the effective component is effective for
the resolution of various compounds. Particularly, it is
quite effective for the resolution of optical isomers
which are quite difficult to resolve. Either one of the
optical isomers to be resolved 18 se]ectwely adsorbed on

_ 'the resolving agent.
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BRIEF DESCRIPTION OF THE DRAWING

FIG.1is 2 graph showing the chromatographic reso-

~ lution of transcyclopropanedicarboxylic. acid dianilide

~ -on a column usmg an amylose tns(#styrylphcnylcarba-
'matc) packmg o |

DETAILED DESCRIPTION OF THE
- INVENTION |

The remarkable effects of the roso]vmg agcnts of the

10

present invention are apparent from comparison of sep-

- aration factor a obtained in the following examples
- with those of conventional cellulose resolving agents.

5,075,009
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cooled to room temperature. Then, N2 was mtroduccd_ |
therein. 100 ml of distilled toluene was added to the
dried silica beads. 1 ml of N, 0-bis (tnmethylsﬂyl) acet-
amide (a trimethylsilylating agent) was added thereto
and the mixture was stirred to effect the reaction at 115°

C. for 3 hours. The reaction mixture was filtered
“through a glass filter, washed w:th toluene and dried In

vacuo for about 4 hours.

| SYNTHESIS EXAMPLE 2 | |
Cclhﬂose triacetate (a product of Daicel Ltd ) havmg B

~ a number-average degree of polymerization of 110 and

For example, in the optical resolution of transstilbene

oxide according to chromatography using a mixture of
hexane and 2-propanol in a ratio of 9:1 as the eluent, the
‘a value obtained when cellulose tri-8-naphthoate was
used was 1.58 which was far higher than the a value of

' 1.42 obtained when cellulose tribenzoate, i.e., a known
- cellulose resolving agent, was used. In the optical reso-

“lution of Troger’s base, through the highest a value
obtainable with known cellulose resolving agents was

15

-a degree of substitution of 2.97 was dissolved in 1 liter of

acetic acid (a product of Kanto Kagaku Co.). 5.2 ml of
water and 5 ml of conc. sulfuric acid were added to the
resulting solution and the reaction was carried out at 80°

 C. for 3 hours. The reaction mixture was cooled and

20

sulfuric acid was neutralized with an excess agueous

‘magnesium acetate solution. The resulting solution was

added to 3 liters of water to precipitate cellulose triace-

~ tate having a reduced molecular weight. After filtration

- 1.40 (obtained with tribenzylcellulose, a higher a value
~ can be obtained with the resolving agent of the present

invention. More particularly, a values of 2.82, 1.84 and

 1.42 are obtained with cellulose tncmnamate, trisbi-

~ phenylcarboxylate and trisphenylazobenzoate, respec-

25

and collection with a glass filter (G3), it was dispersed

"in'1 liter of water. After filtration followed by vacuum
drying, the obtained product was dissolved in methy-
lene chloride and reprecipitated from 2-propanol. The

- dissolution and the reprecipitation were repeated twice '

tively. From this fact, the effects of the substituents in

the resolving agent of the present invention are evident.
“The following examples will further illustrate the
_present invention, which by no means limit the inven-
. tion. In the examples, the terms are defined as follows:

' retention volume — (void volume)

olpucny
- ratio (k) - (void volume -

o uﬁty ratio of enantiomer
 sepanation _Mmrmmﬂ.ﬂ_ |
factor (a) -capacity ratio of enantiomer

- (adsorbed less nrongly) .
| | - distance between a peak of more
rate of 2 X nrongly adsorbed enantiomer and that

“of less strongly adsorbed enantiomer

PO = T (total band width of both peaks)

Ry

| SYNTHESIS EXAMPLE 1
10 grams of silica beads (L:chrospher SI 1000 a prod- 50

~ uct of Merck & Co.) was placed in a 200 ml roundbot-
- tom flask with a side arm. After vacuum-drying in an oil

‘bath at 120° C. for 3 hours, N2 was introduced therein.

100 ml of toluene which had been preliminarily distilled
in the presence of CaH; was added to the silica beads. 3

30

to effect the purification. The product was dried. Ac-
cording to the IR and NMR spectra, the product was
identified as cellulose triacetate. The number-average

| molocular ‘weight of the product as determined by
- VApOr pressure osmometry was 7900, which corre-

35

‘sponded to the number-average degree of polymeriza- -_

tion of 27. The vapor pressure osmometry was con-
ducted with a vapor pressure osmometer Corona 117
using a solvent mixture of chloroform/ 1% ethanol. 60

B grams of the obtained cellulose triacetate was dispersed

in 200 ml of 2-propanol. 60 ml of 100% hydrazine hy-

‘drate (a product of Nakarai Kagaku Co.) was added

dropwise slowly to the dispersion under gentle stirring.
The suspension was maintained at 60° C. for 3 hours and

 the resulting cellulose was filtered through a glass filter,

washed with acetone rcpeatedly and vacuum-dried at

60° C. In the IR spectrum of the product, no absorption
45

band due to the carbonyl group at around 1720 cm—!
was observed and the IR spectrum comc:ded wlth that

~ of cellulose.

35

ml of dlphcnyldrmcthoxys:lanc (KBM 202; a product of

- Shin’etsu Kagaku Co., Ltd.) was added to the mixture
" and they were stirred togcthcr and then reacted at 120°
C. for 1 hour. After distilling off 3 to 5 ml of toluene, the
reaction was carried out at 120° C. for 2 hours. The
mixture was filtered through a glass filter, washed with
50 ml of toluene three times and then with 50 ml of
. mcthanol thrco nmcs md dned in vacuo at 40' C. for 1
fhour 5
“About 10 grams of thc s:llca beads were placed in the

. 200 ml! round-bottom flask with a side arm. After vac-

60

65

~uum drying at 100* C. for 3 hours, the prcssure was

rctumcd to atmosphcnc pressure and the mixture was

- SYNTHESIS EXAMPLE 3
Synthesm of cellulose tnsA-b:phcnylcarboxylatc

) 10 ml of pyndmc and 3 ml of tncthy]ammc were
~ added to 0.7 grams of the cellulose obtained in above

Synthesis Example 2, 7.0 grams of Lblphcnylcarbonyl

; chloride (a product of Aldrich Co.) and 0.02 grams of

dlmethylammOpyndmc The mixture was kept at 90° C.

under stirring for 5 hours. 10 ml of benzene was added
thereto and the obtained mixture was kept at 90° C. for

1.5 hours. The dark brown reaction liquid was added to
200 ml of ethanol. The formed precipitates of the cellu-
lose ester were filtered through a glass filter (G3),
washed with ethanol and then acetone repeatedly and

dried in vacuo to obtain 2.6 grams of the product. In its -
IR spectrum, characteristic absorptlons were observed

at 3020, 3050, 1720, 1605, 1260, 1100, 860, 740 and 700
cm—! and no strctchlng vibration of a hydroxyl group .

‘was observed. This fact suggested that thc product was

a trisubstituted compound

L
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SYNTHESIS EXAMPLE 4
Synthesis of cellulose trisk-p-phenylazobenzoate

~ 51.5ml of dehydrated pyridine, 5.7 ml of dehydrated
triethylamine and 37 mg of 4-d1methylammopyndme
were added to 1.1 grams of the cellulose obtained in
Synthesis Example 2. 15.8 grams of p-phenylazobenzoyl
- chloride was added thereto under stirring and the reac-
tion was carried out at 100° C. for 5 hours. After cool-
mg, the product was added to 400 ml of ethano!l under
stirring to form precipitates. After filtration through a
glass filter, the precipitates were washed thoroughly
~ with ethanol. After drying in vacuo, the product was
“dissolved in 30 m] of methylene chloride. After removal
of insoluble matter, the product was reprecipitated from
400 m! of ethanol. The precipitates were filtered,
washed with ethanol, dehydrated and dried to obtain
5.2 grams of cellulose tns-p-phenylazobenzoate This
product was dissolved in methylene chloride and the
solution was applied to a sodium chloride tablet and
dried. The infrared absorption spectrum of the product
had the following characteristic absorption bands:

5

20

mam — o - 25
3050 cm—1: stretching vibration of aromatic C—H, |
1740 cm—1: stretching vibration of C=0 of
| carboxylic acid ester,
1610, 1490, 1450 skeletal vibration |
and 1420 cm—1: due to stretching of carbon and |
| | - carbon in the benzene ring 30
1270 em—1:. ~ stretching vibration of C—O of ester,
1000 to 1160 cm—1: . stretching vibration of
| | C—0—C of cellulose
680 to 900 cm— 1: out-of-plane deformation
| | vibration of benzene ring. |
35

- Substantially no absorption at around 3450 cm—! due
to OH of cellulose was observed. This fact suggested -
that the product substantially comprised a trisubstituted
compound. In the proton NMR spectrum determined in
CDCl;, the characteristic absorptions were as follows:

proton of benzene ﬁng, and
protons of the cellulose ring
and methylene in position 6.

6.9 to0 8.3 ppm:
30t0 5.7 ppm:

45

The ratio of intensities of the absorptions was 27:7.
 SYNTHESIS EXAMPLE 5
Synthesis of cellulose tricinnamate

| 70 ml of dehydrated pyrldlne, 7.7 ml of dehydrated
triethylamine and 50 milligrams of 4-dime-
thylammOpyndme were added to 1.5 grams of the cellu-
lose obtained in Synthesis Example 2. 13.9 grams of ss
cinnamoyl chloride was added to the mixture under
stirring and the reaction was carried out at 100° C. for
- 5 hours. After cooling, the product was added to 400 m]
‘of ethanol under stirring to form precipitates. After
filtration through a glass filter, the product was washed
thoroughly with ethanol. After vacuum drying, the
product was dissolved in 30 ml of methylene chloride.
After removal of insoluble matter, the product was
| reprec:pttated from 400 ml of ethanol. The precipitates
were filtered, washed with ethanol, dehydrated and
dried to obtain 5.0 grams of cellulose cinnamate.

'The product was dissolved in methylene chloride and
the solution was applied to a sodium chloride tablet and

30

60

65

10

15

10

dried. The infrared absorption spectrum of the product
had the following characteristic absorption bands:

| stre'tehin'g'vibntion of olefinic
C—H,

‘around 3050 em—1:

1730 em— L stretching vibration of C=0 of
carboxylic ester,

1640 cm™—™: stretching vibration of C=0,

1585, 1500, 1460 cm—1:  skeletal vibration due to
stretching of carbon and carbon

| | in the benzene ring,

1250 cm— 1 ~ stretching vibration of C—O of
ester,

1040 to 1160 cm—1: stretching vibration of C—0—C

- of cellulose, |
990 cm— 1 deformation vibration of -
~-olefinic C—H,
~ out-of-plane deformation vibra-

675 to 900 cm— 1.
| | | ~ tion of benzene ring.

Substanti_a]ly no absorption at around 3450 cm 1! due
to OH of cellulose was observed. This fact suggested

“that the product substantially comprised a trisubstituted

compound. In the proton NMR spectrum determined in
CDCI3, the characteristic absorptions were as follows:

59t 7.s_bpm: ~ proton of cmnan:uc acid segment,
| and
3.2 t0 5.5 ppm: protons of the glucose ring of

cellulose and methylene in
- position 6. -

The ratio of intensities of these absorptions was 3:1.
SYNTHESIS EXAMPLE 6
Synthesis of cellulose tri-8-naphthoate

20 ml of pyridine and 5 ml of triethylamine were
added to 1.0 grams of the cellulose obtained in Synthesis
Example 2, 10.6 grams of S-naphthoyl chloride (a prod-
uct of Aldrich Co.) and 0.05 grams of 4-dime-

40 thylarmnopyndme (a produet of Aldrich Co.). The
mixture was kept at 80° C. for 2 hours and then at 100°
~C. for 4 hours. After cooling, the reaction liquid was

added to methanol. Precipitates thus formed were fil-
tered, washed with methanol repeatedly and dried in
vacuo to obtain 3.85 grams of a product. The product
was dissolved in dichloromethane. After filtration

- through a glass filter (G-3) to remove a small amount of

insoluble matter, the product was purified by reprecipi-
tation from methanol. In the IR spectrum, characteristic
absorptions were observed at 3060, 1735, 1280, 1230,
1200, 1140, 1100, 795 and 785 cm~! and no stretching
vibration of a hydroxyl group at around 3500 cm—1 was
observed. This fact suggested that the product was a

trisubstituted compound | |

EXAMPLE 1

1.2 grams of cel_lulose tris-4-biphenylcarboxylate ob-
tained in Synthesis Example 3 was dissolved in a mix-
ture of 7.5 ml of dichloromethane and 1.0 m! of benzene.
After filtration through a glass filter (G3), about 7.5 ml
of the solution was absorbed by the silica beads obtained

in Synthesis Example 1. The solvent was removed

under reduced pressure to obtam a powdery, supported
matena] | |

'EXAMPLE 2 .
1.2 grams of cellulose tris-p-phenylazobenzoate ob-
tained in Synthesis Example 4 was dissolved in 7.5
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- grams of dlchloromethanc 7.5 ml of the solution was

absorbed by the silica beads obtained in Synthesis Ex-

-ample 1. The solvent was distilled off under reduced
prcssurc to obtam a powdery, supported matenal

EXAMPLE 3

1.2 grams of ccllulosc tricinnamate obtained in Syn-
thesis Example 5 was dissolved in 7.5 ml of dichloro-
methane. 7.5 ml of the solution was absorbed by the
silica beads obtained in Synthesis Exam;:]e 1. The sol-
vent was distilled off under reduced pressure to obtam

10

. 12
APPLICATION EXAMPLE 1 |
The silica beads carrymg cellulose tns-4-b1phcnylcar-

boxylate obtained in Example 1 were packed in a stain-

less steel column having a lerigth of 25 cm and an inner
diameter of 0.46 cm by slurry process. The high-perfor-
mance liquid chromatograph used was TRIROTAR-

SR (a product of Japan Spectroscopic Co., Ltd.) and

the detector used was UVIDEC-V. The results of reso-
lution of various racemic compounds are shown in

“Table 1.

"TABLE 1 | o |
. Separation 'Ilhtc of Flow
-Capacity ratio factor scparation  rate
Racemates ki k¥ @ a . Rs.  ml/min
244 320 131 165 05
274 504 - 184 139 0.5
—0H 728  8.30 1.14 0.88 o.s
C—--CONH>
~ H
o 428 1.16 0.64 0.5

a powdery, supported material.
' ~ EXAMPLE 4

1.1 g of cellulose tri- B-naphthoate obtamcd in Syn-
thesis Example 6 was dissolved in 6.9 ml of dichloro-

- methane. 7.0 ml of the solution was absorbed by 3.10
- grams of the silica beads obtained in Synthesis Example

45

4.96

solvent: hoxanc/2-'prooénol (9:1)
APPLICATION EXAMPLE 2

The silica beads carrymg cellulose tnsazobcnzcnocar-
boxylate obtained in Example 2 were packed in a stain-
less steel column having a length of 25 cm and an inner
“diameter of 0.46 cm by slurry process. The high-perfor-

1. The solvent was distilled off under reduced pressure , mance liquid chromatograph used was TRIROTAR-

to obtam a powdcry, supported matcnal

SR (a product of Japan Spectroscopic Co., Ltd.) and
the detector used was UVIDEC-V. The results of reso-
lution of wvarious raccmlc compounds are shown in
Table 2. |

~ TABLE2 o | |
~ Separation Rate of  Flow
- _Capacity ratio factor  separation rate
ky’ kY . a " Rs ml/min
145 185 128 136 0S5
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TABLE 2-contmued - | | |

. T ~ Separation Rateof  Flow

 _Capacity ratio ~ factor  separation rate

ky | ky' a Rs ml/min
184 274 142 110 0.5
444 510 1.15 0.84 0.5
o 325  3.65 112 — 0.5
| \ |
- solvent: hexane/2-propanol (9:1) ' | solvent hexane/2-propanol (9:1). |
| ~ APPLICATION EXAMPLE 3 ’s . APPLICATION EXAMPLE 4
~ The silica beads carrying cellulose tricinnamate ob-  The silica beads carrying cellulose tri-B-naphthoate

‘tained in Example 3 were packed in a stainless steel obtained in Example 4 were packed in a stainless steel
column having a length of 25 cm and an inner diameter ~ column having a length of 25 cm and an inner diameter
of 0.46 cm by slurry process. The high-performance of 0.46 cm by the slurry process. The high-performance
liquid chromatograph used was TRIROTAR-SR (a 30 liquid chromatograph used was TRIROTAR-SR (a
product of Japan Spectroscopic Co., Ltd.) and the de-  product of Japan Spectroscopic Co., Ltd.) and the de-
tector used was UVIDEC-V. The resuits of resolution  tector used was UVIDEC-V. The rcsults of the resolu-
of various racemic compounds are shown in Table 3.  tion of trans-stilbene oxide are shown in Table 4. -

TABLE 3

o | Separauon ~ Rateof  Fiow
| Capacity ratio factor separation rate
Racemates Kk a Rs ml/min
| 275 317 115 1.14 0.5

9.64  10.4 1.08 08  0S
528  8.04 152 07 0.5
o | 619  7.77 1.26 1.88 0.5

464  13.1 282 346 0.5
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- . TABLE 4 |
| o ~~ Separation Rate of Flow
Capacity ratio - factor separation . rate
ki . k' a - Rs  ml/min
297 470 1.58 131 05

solvent hexane/Z-propanol (9 l)

SYNTHESIS EXAMPLE 7
Symhesls of p—chlorocmnamoyl chlonde |

100 m! of benzene was ‘added to 18.3 grams of p- 20 tered through aglass filter (G-3). The ﬁltrate was added

. chlorocinnamic acid. 12 ml of thionyl chloride was
added dropwise slowly thereto at ambient temperature.

The temperature was elevated to 80° C. and the heating

was continued until foaming ceased. Benzene and thio-
nyl chloride were distilled off and the res.ldue was dned

-thoroughly under reduced pressure.

| SYNTHESIS EXAMPLE 8
Synthesis of cellulose tns-p-chlorocmnamate

1 .gram of cellulose obtained in Synthesns Example 2

- was dispersed in 50 m] of pyridine. 11.2 grams of p-
‘chlorocinnamoyl chloride was added to the dispersion

25

“and the reaction was carried out at 90° C. for 5 hours.

~ After cooling, the reaction mixture was added to
- ethanol to form precnplt_ates, which were washed with
ethanol and dned in vacuo. The dried product was

dissolved in methylene chioride. The solution was fil-

~ tered through a glass filter (G-3). The filtrate was added

“to ethanol to form precipitates, which were washed

| _' | thoroughly with ethanol and dried.

- Cellulose p-chlorocinnamate thus obtained was dis-
- solved in methylene chloride. The solution was applied
to a rock salt cell and dried. In the IR absorption spec-
trum, substantially no absorption due to an OH group of |
cellulose was observed.

SYNTHESIS EXAMPLE 9
Synthes:s of m-chlomcmnamoyl chloride

100 m! of benzene was added to 18.3 grams of m-
.chlorocmnnmxe acid. 12 ml of thionyl chloride was

- added dropwise slowly thereto at ambient temperature.
~ The temperature was elevated to 80° C. and the heating

" was continued until foaming ceased. Benzene and thio-

~ nyl chloride were distilled off and the residue was dried .

thomughly under reduced pressure.

| SYNTHESIS EXAMPLE 10
Symhesls of cellulose tns-m-chloromnnamate

1 gram of cellulose obtained in Synthesns Example 2
- was dispersed in 50 ml of pyridine. A SO_lllthIl of 11.2

45

to ethanol to form precipitates, which were washed. .

thoroughly with ethano! and dried. |

_ Cellulose m-chlorocinnamate thus obtained was dis-
solved in methylene chloride. The solution was applied
to a rock salt cell and dried. In the IR absorption spec-
trum, substantially no absorption due to an OH group of
cellulose was observed.

SYNTHESIS EXAMPLE 11 |
Synthesis of p—methylcmnamoyl chloride

. - 100 ml] of benzene_ was added to 16.2 gtﬁms of p-_mcth.-

ylcinnamic acid. 12 ml of thionyl chloride was added
dropwise slowly thereto at ambient temperature. The

temperature was elevated to 70° C. and the heating was

continued until foaming ceased. Benzene and thionyl
chloride were distilled off and the residue was dried
thomughly under reduced pressure. | -

_ SYNTHESIS EXAMPLE 12

1 gram of the cellulose obtained in Synthesis Example
2 was dispersed in 50 ml of pyridine. 10.1 grams of

p-methylcmnamoyl chloride was added to the disper-

sion and the reactlon was camed out at 95° C. for §

hours.

After' coolmg, the reaction mixture was added to

" ethanol to form prec:p:tates, which were washed with

30

ethanol and dried in vacuo. The dried product was
dissolved in methylene chloride. The solution was fil-

tered through a glass filter (G-3). The filtrate was added

~to ethanol to form precipitates, which were washed :
‘thoroughly with ethanol and dried.

35

grams of m-chlorocinnamoy! chloride in 5 ml of ben-

- zene was added to the dispersion and the. reacnon was
~ carried out at 90° C. for 5 hours.

~ After cooling, the reaction mlxture was added to
ethanol to form precipitates, which were washed with

- ethanol and dned in vacuo. The dried product was

Cellulose p-methylcinnamate thus obtuned was dis-

‘solved in methylene chloride. The solution was applied -
_to a rock salt cell and dried. In the IR nbsorptlon spec-

trum, substantially no absorptlon due to an OH group of
cellulose was observed.

| SYNTHESIS EXAMPLE 13

Synthesns of p-methoxyemnamoyl chlonde
100 ml of benzene was added to 17.8 grams of p-

- methoxycinnamic acid. 12 m! of thionyl chloride was
- added dropwise slowly thereto at ambient temperature.

65

diSselved' in methylene chloride. The solution was fil-

‘The temperature was elevated to 70° C. and the heating

was continued until foaming ceased. Benzene and thio-
nyl chloride were distilled off and the residue was dried
thoroughly under reduced pressure.
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SYNTHESIS EXAMPLE 14
Synthesis of cellulose tris-p-methoxycinnamate

1 gram of cellulose obtained in Synthesis Example 2
was dispersed in 50 ml of pyridine. 10.9 grams of p-
methoxycmnamay] chloride was added to the disper-
- sion and the reactson was carried out at 95° C. for 5

hours. | |
. After cooling, the reaction mixture was added to
ethanol to form prcc:pltates, which were washed with
ethanol and dried in vacuo. The dried product was

dissolved in methylene chloride. The solution was fil-

tered through a glass filter (G-3). The filtrate was added
to ethanol to form precipitates, which were washed
thoroughly with ethanol and dned.

Cellulose p-methoxycinnamate thus obtained was

dissolved in methylene chloride. The solution was ap-

plied to a rock salt cell and dried. In the IR absorption
spectrum, substantially no absorption due to an OH
- group of cellulose was observed.

SYNTHESIS EXAMPLE 15

Synthesis of a-cyanocinnamoyl chloride

~ 100 ml of benzene was added to 17.3 grams of a-
cyanocinnamic acid. 12 ml of thionyl chloride was
added dropwise slowly thereto at ambient temperature.
The temperature was elevated to 70° C. and the heating

was continued until foaming ceased. Benzene and thio-

nyl chloride were distilled off and the residue was dned
thoroughly under reduced pressure.

SYNTHESIS EXAMPLE 16
Synthesis of cellulose tris-a-cyanocinnamate

1 gram of the cellulose obtained in Synthesis Example
2 was dispersed in 50 ml of pyridine. 10.6 grams of
a-cyanocinnamoy] chloride was added to the dispersion
and the reaction was carried out at 95° C. for 5 hours.

After cooling, the reaction mixture was added to

ethanol to form prccxpltates, which were washed with
ethanol and dried in vacuo. The dried procluct was

dissolved in mcthylene chloride. The solution was fil-

tered through a glass filter (G-3). The filtrate was added

to ethanol to form precipitates, which were washed

thoroughly with ethanol and dried.

- Cellulose a-cyanocinnamate thus obtained was dis-
solved in methylene chloride. The solution was applied

to a rock salt cell and dnied. In the IR absorption spec-

trum, substantially no absorption due to an OH gmup of

cellulose was observed.

SYNTHESIS EXAMPLE 17
Synthesis of 3-(2-thienyl)-acryloylchloride

- 65 ml of benzene was added to 10 grams of 3-(2- ,
thienyl)acrylic acid. 7.8 ml of thionyl chloride was
added dropwise slowly thereto at ambient temperature.
The temperature was elevated to 70° C. and the heating
was continued until foaming ceased. Benzene and thio-
nyl chloride were distilled off and the residue was dried
thoroughly under reduced pressure.

SYNTHESIS EXAMPLE 18

Synthesis of cellu]ose tris- 3-(2-th1enyl)acrylate

- 1 gramof the cellulose obtained in Synthesis Example

2 was dispersed in 50 ml of pyridine. 9.6 grams of 3-(2-
thienyl)acryoyl] chloride was added to the dispersion
and the reaction was carried out at 95° C. for 5 hours.

10
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After cooling, the reaction mixture was added to
ethanol to form precnpltates,' which were washed with
ethanol and dried in vacuo. The dried product was
dissolved in methylene chloride. The solution was fil-
tered through a glass filter (G-3). The filtrate was added

to ethanol to form precipitates, which were washed

thoroughly with ethanol and dried. |
Cellulose 3-(2-thienyl)acrylate thus obtained was
dissolved in methylene chloride. The solution was ap-
plied to a rock salt cell and dried. In the IR absorption
spectrum, substanually no absorption due to an OH
group of cellulose was observed. -

SYNTHESIS EXAMPLE 19
Synthesis of 3-(3-pyridyl)-acryloyl chloride
- hydrochloride |

67 ml of benzene was added to 10 grams of 3- (3-
pyridyl)-acrylic acid. 8.1 ml of thionyl chloride was
added dropwise slowly thereto at ambient temperature.
The temperature was elevated to 70° C. and the heating
was continued until foaming ceased. Benzene and thio-
nyl chloride were distilled off and the residue was dried
thoroughly under reduced pressure.

. SYN_THESIS EXAMPLE 20
Synthesis of cellulose tris-3-(3-pyridyl)acrylate
1 gram of the cellulose obtained in Synthesis Example

2 was dispersed in 50 ml of pyridine. 11.3 grams of

3-(3-pyridyl)acryloyl chloride hydrochloride was

- added to the dispersion and the reaction was camed out

35
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at 95° C. for 5 hours. "

After cooling, the reaction mixture was added to
ethanol to form prec:p:tates, which were washed with
ethanol and dried in vacuo. The dned product was
dissolved in methylene chloride. The solution was fil-
tered through a glass filter (G-3). The filtrate was added
to ethanol to form precipitates, which were: washed

thoroughly with ethanol and dried.

Cellulose 3-(3-pyridyl)acrylate thus obtained was
dissolved in methylene chloride. The solution was ap-
plied to a rock salt cell and dried. In the IR absorption
spectrum, substantially no absorption due to an OH
group of cellulose was observed.

SYNTHESIS EXAMPLE 21
Synthes:s of amylose tricinnamate '

1.8 grams of Amylose DEX-III (a product of Haya-
shibara Biochem. Lab. Inc.) (degree of polymerization:
100) was added to 10 ml of water. Two drops of a 0.1 N

aqueous NaOH solution and two drops of ethanol were

~ added to the mixture. The mixture was heated to 50° C.

for 30 min, neutralized with acetic acid and added to
ethanol to form prempltatcs which were washed with

ethanol and dried in vacuo.
1.5 grams of the dried amylose was dispersed 1n a

mixture of 70 ml of pyridine, 7.7 m! of triethylamine and

50 milligrams of 4-dimethylaminopyridine. 13.9 grams
of cinnamoyl chloride was added to the dispersion and
the reaction was carried out at 95° to 100° C. for 5
hours. After cooling, the reaction mixture was added to
ethanol to form precipitates, which were washed with
ethanol and dried. The dried sample was dissolved in
methylene chloride. The solution was filtered through a
glass filter (G-3). The filtrate was added to ethanol to

~ form prempltates which were washed with ethanol and
- drnied in vacuo.



19

The dncd amylosc cumamate was dissolved in meth-

ylene chioride. The solution was applied to a rock salt '

cell and dried. In IR absorption spectrum, substantially

E no absorption due to an OH group of cellulose was

- observed.

EXAMPLESS 6 7,89, 10, 11 AND 12

‘1.2 grams of each of the polysacchande ester deriva-
- tives obtained 1n Synthesis Examples 8, 10, 12, 14, 16,
18, 20 and 21 was dissolved in 7.5 ml of dichlorometh-
ane. The solution was filtered through a glass filter
(G-3) and the filtrate was mixed thoroughly with 3.5
- grams of the silica beads obtained in Synthesis Example
1 (the amount of the silica beads being 3.0 grams in
- Example 12). Dichloromethane was distilled off under
reduced.pressure to obtain a powdcry, supported mate-

_ '-APPLICATION EXAMPLES 56,178, 9 10, 11 and'

12

Each of thc supportcd materials obtalncd in Exam-
plcs 5 6,7,8,9, 10, 11 and 12 was packed in a column
in the same manner as in Application Example 1. The
- optical resolution was conducted by liquid chromatog-

raphy with the obtained column. The optically resolved

compounds and scparanon factors a of the optical iso-
mers of them are shown in Table 6. The eluent used in

‘the resolution was a mixture of hexane and 2-propanol -

(9: 1), the flow rate was 0.5 ml/min and the analysis

5,075,009

, 20
SYNTHESIS EXAMPLE 22
Synthesis of chrdla’n tricinnamate
4 grams of curdlan triacetate was suspended in 9 ml of

> 2-propanol and, after adding 3.0 m! of 100% hydrazine

10

15

hydrate, the mixture was kept at 70° C. for 4.5 hours.

‘The formed curdlan was filtered, washed with 2-
propanol twice and then with acctone three times and

dried.
1.5 grams of the obtalncd curdlan was dlspersed ina

“mixture of 70 ml of pyridine, 7.7 ml of triethylamine,

and 50 milligrams of 4-dimethylamino-pyridine and,

after adding 13.9 grams of cinnamoy] chloride, the mix-
ture was reacted at 100° C. for 5 hours. After coolin g
the reaction mixture was poured into ethanol to precipi-
tate curdlan cinnamate. The prwlpltatc was washed

- with ethanol, dried and dissolved 1n methylene chlo-

20

25

ride. The solution was filtered through a glass filter
(G-3) and poured into ethanol. The formed precipitate
was washed well with ethanol and dried in vacuo. The

~dried sample was ‘dissolved in methylene chloride, and
“the solution was applied to a rock salt cell and dried.
The infrared absorption spectrum of the curdlan cinna-

mate showed hardly any absorption assigned to unre- |
acted OH. |

EXAMPLE 13

1.2 grams of the curdlan ci_nnam_atc-ob't;;lined in._Sy'n-
thesis Example 22 was dissolved in 7.5 ml of dichloro-

temperature was 20" to 25° C. 30 ‘methane and after filtering the solution through a glass
o | | | "TABLE 5 filter (G-3), the filtrate was mixed with 3.5 grams of the
-  Polysaccharide derivative silica beads obtained in Synthems Example 1. The sol-
Example Compound | Synthesis Ex. ~ vent was distilled off in vacuo to obtam a powdcry |
~$ " cellulose tris-p-chlorocinnamate =~ 8 3§ supported rcso]wng agent. |
6 cellulose tris-m-chlorocinnamate 10 |
7 cellulose tris-p-methylcinnamate 1 APPLICATION EXAMPLE 13
;' | “imf:;zﬂfzgfnm:ﬂ | }; | ‘When (£) benzoin was optically resolved in the same.
0 cellulose tris-3-2thienylcrylate 18 - way as in Application Example 1 by using the sup-
u  cellulose tris-3-(3-pyridyl)acrylate 20 0 ported agent obtained in Example 13, the magnitude of
12 amylose tricinnamate 21 -7~ the separation factor (a), 1.22 was attained and the
| | ) dextrorotatory enantiomer eluted first (eluent: hexane
“and 2-propanol at 9:1).
- TABLE 6 | |
"Application Resolving agent | - |
Example Effective component Ex. Compound a
5§  cellulose tris-p-chlorocinnamate ©~ S5  benzoin .11
- * mandelamide 1.06
6 celiulose tris-m-chlorocinnamate 6 t-stilbene oxide 1.12
T cellulose tris-p-methylcinnamate 7  Triger's base 1.78
8 cellulose tris-p-methoxycinnamate 8  Troger's base 3.63
o o | benzoin 117
| ethotoin® 1.23
9 cellulose tris-a-cyanocinnamate 9  tstilbene oxide 1.14
10 cellulose tris-3-(2- thxcnyl)- 10  Troger's base 2.41
acryltte | .
11 cellulose tru-3-(3-pyndyl)— 1]  Troger’s base 1.54
- acrylate methyl a-[4-(4'- 1.12
fluorophenoxy)
phenoxylpropionate®*®

'Slrmure' of Hho:qiﬁ_:

- CaHs
“Slructurt of methyl a-J4-(4'- ﬂuomphamxy)phcnoxy] -propionate:.
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SYNTHESIS EXAMPLE 23 |
SyntheSis of cellulose tns(&styrylpheny]carbamate)

20.45 grams of p-mtmphenylacetlc acid, 12.21 grams
of benzaldehyde and 4.6 ml of piperidine were placed in

a 100-m] short-neck Kjeldahl flask. An Allihn con-

denser was attached to the flask and the flask was
. placed in an oil bath to conduct the reaction at 155° C.
for 7 hours. The liquid which was yellow in the initial

stage of the reaction turned black in the final stage. The
- liquid was converted into black crystals when the tem-

perature was lowered to room temperature. The 4-
nitrostilbene product was thoroughly washed with
acetic acid, filtered through a glass filter, dried in a
vacuum line in a desiccator for 3 hours and dried in

- vacuo at 60° C. for 2 hours.

330 ml of acetic acid and 87.95 grams of tin(II) chlo-'

‘ride were placed in a 1-1 three-necked flask. Hydrogen
chloride was introduced thereinto for 2 hours. When
the turbidity of the solution was reduced, 14.53 grams
of 4-nitrostilbene prepared in the abovedescribed step
was added thereto. Immediately a violent exothermic

reaction occurred and the milky solution was converted
into a light green turbid solution. The reaction was

continued for additional about one hour and the reac-

tion mixture was left to stand overnight. The solution -

‘had an upper yellow liquid layer and a lower layer
having green precipitates. The product was heated at
100* C. in an oil bath for about 1.5 hours, filtered
through a Buchner funnel, dried in a vacuum hne 1n a
desiccator for 2 hours and then dried in vacuo at 60° C.
for 2 hours. After drying, 1 liter of a 3 mol/liter aqueous
KOH solution was added thereto and the mixture was
heated at 100° C. in an oil bath. Cream-colored fluffy
precipitates thus formed were separated by filtration

through a glass filter, thoroughly washed with an aque- |
-ous KOH solution and pure water and then dissolved in

diethyl ether. The liquid layer was dried over calcium
chloride. The solvent was removed with an evaporator.
The 4-aminostilbene product was recrystallized from
ethanol, dried in a vacuum line in a dessicator for 2
hours and dried in vacuo at 60° C. for 2 hours.

200 ml of toluene was placed in a 1-liter three-necked

10

22

In a8 vacuum line in a desiccator and drned in vacuo at
50° C. for 2 hours to yield ce]lulose tns(4-styrylphenyl-

_ carbamate)

SYNTHESIS EXAMPLE 24 .
Synthesis of cellulose tns(4-b1ph¢nylylcarbama__te)
About 200 ml of toluene was placed in a 1-liter three-

necked flask and phosgene was introduced thereinto

under cooling. A solution of 25 grams of 4-aminobiphe-
nyl in 200 ml of toluene was added dropwise thereto.
The temperature was gradually elevated and the reac-

- tion was conducted under a reflux of toluene for 2

15

20

hours. The reaction hquld turned reddish purple. The |
toluene was removed by atmospheric distillation fol-

lowed by vacuum dlstlllatlon (38 mmHg, 31" C.). The
liquid was red and turned into a gray solid at room
temperature. The grey solid was 4-b1p_heny1yl isocya-

nate. |
60 ml of pyridine and 0.72 grams of cellulose were
placed in a 100-ml short-neck Kjeldahl flask and an

Allihn condenser equipped with a calcium chloride tube

~ was attached thereto. After stirring at 100° C. in an oil

25
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flask. Phosgene formed by adding fuming sulfuric acid

to carbon tetrachloride under stirring and under reflux

45

of carbon tetrachloride was introduced thereinto. After

the inside of the flask was thoroughly purged with
phosgene, a solution of 8.26 grams of 4-aminostilbene
prepared in the above step in 300 ml of toluene was

added dropwise thereto and the temperature was gradu- 50

ally elevated to conduct the reaction under reflux of
toluene. The reaction time was 4 hours. PhOsgene was
 introduced thereinto for additional about 30 minutes
and then mtrogcn was introduced thereinto for about 1
hour. The reaction solution was yellow and clear. Tolu-
ene was removed by atmospheric distillation followed

35

by vacuum distillation (38 mmHg, 35° C.) to give

cream-colored crystals of 4-aminostilbene.

- 0.60 grams of cellulose and 50 m! of pyridine were
placed in a 100-m] short-neck Kjeldah! flask and about

20 ml of pyridine was distilled off under atmospheric

pressure. 3.76 grams of 4-aminostyrylphenyl isocyanate

prepared in the above step was added thereto. An Al-

lihn condenser equipped with a calcium chloride tube

was attached thereto and the reaction was conducted at

65

100° C. in an oil bath for 21 hours. The reaction solution
~ was poured into methanol and the crystals thus formed

were separated by filtration through a glass filter, dried

bath for 14 hours, about 30 ml of pyridine was distilled
off under atmospheric pressure. 3.92 grams of 4-biphe-

‘nylyl isocyanate was added thereto and the mixture was

reacted at 100° C. in the oil bath for 18 hours. The
reaction solution was poured into methano! and the
cellulose tns(4-b1phenyly]carbamate) product thus pre-
cipitated was separated by filtration through a glass
filter, dried in a vacuum line in a desiccator for 2 hours
and dried in vacuo at 50° C. for 2 ‘hours.

SYNTHESIS EXAMPLE 25
Synthesis of amylose tns(#styrylphcnylcarbamate)

60 m! of pyndme and 0.62 grams of amylose were
placed in a 100-m! short-necked Kjeldahl flask and an
Allihn condenser equipped with a calcium chloride tube
was attached thereto. After stirring at 100° C. in an oil
bath for 12 hours, about 30 ml of pyridine was distilled
off under atmospheric pressure. 3.78 grams of 4-aminos-

tilbene was added thereto and the mixture reacted at

100° C. in the oil bath for 24 hours. The reaction solu-
tion was poured into methanol and the product thus
precipitated was separated by filtration through a glass
filter, dried in a vacuum line in a desiccator for 2 hours
and then dried in vacuo at 40° C. for 2 hours.
SYNTHESIS EXAMPLE 26
Synthesis of amylose tris(4-biphenylylcarbamate)
60 ml of pyridine and 0.72 grams of amylose were

placed in a 100 ml short-necked Kjeldahl flask and an

Allihn condenser equipped with a calcium chloride tube

was attached thereto. After stirring at 100° C. in an oil
~bath for 13 hours, about 30 ml of pyridine was distilled

off under atmospheric pressure. 3.90 grams of 4-biphe-
nylyl isocyanate was added thereto and the mixture was
subjected to the reaction at 100° C. in the oil bath for 20
hours. The reaction solution was poured into methanol
and the amylose tris(4-biphenylylcarbamate) product
thus precipitated was separated by filtration through a
glass filter, dried in a vacuum line in a desiccator for 2
hours and then dried in vacuo at 50° C. for 3 hours.
The results of the elemental analysis of the triphenyl-
carbamate derivatives of Synthesis Examples 23-26 are
shown in Table 7. It is apparent from this table that the
analytical values were substantially equal to the calcu-
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| ' lated ones and, therefdrc, the hYdroxy] groups of the
cellulose or amylose had been replaced with the carba-

. mate groups almost quantitatively. In the IR spectra, an

f attached thereto. 136 grams of a concentrated aqueous -
HCl solution (35%) was addcd dropwise thereto over

~ 1.5 hours and the mlxturc was stirred for 2.5 hours. A

~ absorption due to the stretching vibration of NH of the

- carbamate group was observed at around 3300 cm—!
and that due to the stretching vibration of C=0 was
- observed at around 1750 cm—! to prcwc that the rcac-
~_tion had been ccmpletcd | .

" TABLE 7

. "Analy_ttcal Data of Tnghenxlwbamatc Derivatives

T T Ccx% H% N« [n]n’.”

precipitate thus formed was separated by filtration and

an aqueous KOH solution was added to the filtrate until
the pH was increased to about 10. A precipitate thus
formed was subjected to the extraction with 300-ml of

benzene and 50-ml of water twice. The benzene ]aycr' o

~ was dried over Na;SO4 overnight. The solvent was

10

~ cellulose tris-
~ {4-styryiphenyl-
- carbamate)
 cellulose tris-
.(Lblphenylyl
- carbamate)
amylose tris-

| '(thlphenyl-

- carbamate)
-amylose tris-
(4-biphenylyl

- 1347
. (1418

7145
- (71.29

1376
(74.18

7148

545
8,21

3.10

495
-3.35

5.21

507

4‘.95

4.93
3.09

5,53

5.62

3.09

3.09
3.54

 458.9¢

15

-16.1%

— 409¢
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removed by evaporation. After filtration through a
glass ﬁltcr, the p-aminotolan product was dried at a
~constant temperature of 40° C. for 3 hours. -

11.06 grams of p-aminotolan was dissolved in 300-ml
of toluene. Separately, 100-ml of fuming sulfuric acid

was added dropwise slowly to 205-ml of carbon tetra-

chloride under reflux to form phosgene. After the inside

o of the reactor had been sufﬁcncntly purgcd w1th phos--'
~ gene, the solution of p-aminotolan in toluene was added

20

(72.29 5.62
carbamate) - |

‘calculaled values of dcmul unlyns are shown in pnrenthcses
kn lctrlhydml'urln | o
“n N.N-dimethylacetsmide

' SYNTHESIS EXAMPLE 27

.~ Synthesis of cellulose
tns[4-2-phcnylcthyny])phcnylcarbamatc]

An Allihn condenser was attached to a 500-m! three-

o necked flask and the inside of the flask was purged with

nitrogen. 80-ml of Et;NH, 15.2 milligrams (6.79x 10-5
mol) of Pd(CH3COz)z, 33.7 milligrams (1.24 Xx10—4
- mol) of P(Ph)s, 9. 96 grams (49 3 mmol)of

and 8.37 grams (81.9 mmol) of

‘were placed therein and thc ﬂask was heated in an oil

~ bath in a nitrogen atmosphere. The reaction solution

was black and bubbled violently at a bath temperature
of around 90° C. to increase the viscosity thereof. The
" reaction was conducted at 100° C. for 4 hours.

- The three-necked flask was cooled. in ice and 200-ml
of 3N HCl was slowly added thereto. Brown precipi-
~tates thus formed were separated by filtration and sub-
~jected to extraction with a mixture of about 170-m] of

~ benzene with 50-ml of water by means of a 500-ml

“separatory funnel twice. The solvent was removed from
the benzene layer by evaporation and the residue was
dried at a constant temperature of 50° C. for 2 hours.

-~ After rccrystalluauon from 137-ml of ethanol/water

(5:2), the nitrotolan product was dried at a constant
temperature of 50° C. for 2 hours.
34.5 g of Zn powder and a solution of 5.88 grams of

25

dropwise thereto. The temperature was slowly elevated
to conduct the reaction under a reflux of toluene. The
reaction time was 4 hours. After the completion of the
reaction, a major part of the toluene was distilled off

under atmospheric pressure. Then toluene was removed

by vacuum distillation at 28.5° C. under 20 mmHg. The
isocyanate could not be dlStlllcd off and brown crystals

| -rcmamcd

0.74 grams of ccllulose was stirred in 80-m1 of pyri-

 dine at 100° C. for 1 hour. About 40-ml of pyridine was

30

35

45

50

distilled off. 4.53 grams of the isocyanate was added to
the residue and the reaction was conducted at 100° C.

for 17 hours. The reaction mixture was poured into
methanol to form a precipitate. After stirring for 2
hours, the mixture was filtered through a glass filter.

The cellulose tris[4-(2-phenylethynyl)phenylcarbamate]

product was dried at a constant tcmpcrature of 50° C.

for 2 hours. |
The rcsults cf the elcmental analysns of the ccllulose_ |

tns[4-(2-phcnylcthynylphcnylcarbamatc)] of Synthesis

- Example 27 are shown in Table 8. It is apparent from

this table that the analytical values were substantially
equal to the calculated values and, therefore, the hy-

droxyl groups of the cellulose had been replaced with

the carbamatc groups almost quantttatwcly

" TABLE 8 |
Elcmemn] Analysts of Cellulose Tns[4-(2 phenyl-

- _ ethnxlghcnzlwbamateu | |

_ C% _ H%. N%
~ Found 7405 = 465 507
. Calculated 471 455 312
- [alp? = +35.59°. B S
SYNTHESIS EXAMPLE 28

55

60

Synthes:s of cellulose tns(4-phcncxyphcnylcarbamate)

25 grams of commercm]ly available Lphcncxymtlmc
was dissolved in 700 ml of toluene. A supernatant liquid
thus formed was scparated by decantatmn and used m'_ |

the reaction. |
100 ml of fumlng sulfuric acid was added slowly and

- dr0pw1sc to 270 ml of carbon tetrachloride under reflux

~ and stirring to form phosgene. After the inside of the

65

nitrotolan in 760-ml of EtOH were placed in a 1-liter

short-neck Kjeldahl flask and an Allihn condenser was

device was thoroughly purged with phosgene, a solu-
tion of 4-phcnoxyamlme in toluene was added dropwise
thereto and the temperature was gradually elevated.
The reaction was conducted undcr a reflux of toluene

for 4 hours.
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" After the completion of the reactlon a major part of
the toluene was distilled off under atmospheric pressure
and then 4-phenoxyphenyl isocyanate was distilled off

- EXAMPLE 14

 The cellulose or amylose triphenyl derivatives of

“at 120° C. under reduced pressure of 0.358 mmHg. The s Synthems Examples 23-26 were dissolved in about 15

isocyanate was in the form of a transparent liquid.

0.75 grams of cellulose was stirred in 60 ml of pyri-
dine at 100° C. for 1 hour. Then about 30 ml of pyridine
was distilled off under atmospheric pressure. 4.43 grams
of 4-phenoxyphenyl isocyanate was added thereto and
the reaction was conducted at 100° C. for 18 hours. The
reaction mixture was poured into 300 m! of methanol to
~ form a white precipitate. After stirring for about 1 hour,
the mixture was filtered through a glass filter. The cellu-

lose tns(4-phenoxyphenylcarbamate) product was dried

in &8 vacuum line in a des:ccator for 1.5 hours and then
at a constant temperature of 50° C. for 2 hours.

" Elemental analysis: | | |

| C% H % N %

Found 66."75 u 471 5.20
4.69

" Calculated 67.91 528

SYNTHESIS EXAMPLE 29
~ Synthesis of amylose tri_s(4—phenoxyphenylcarbamate)_

0.77 grams of amylose was stirred in 65 ml of pyridine
at 100° C. for 4 hours. Then about 30 ml of pyridine was
distilled off under atmospheric pressure. 4.53 grams of
“4-phenoxyphenyl isocyanate was added thereto and the
reaction was conducted at 100° C. for 24 hours. The
reaction mixture was poured into 300 ml of methanol to
form a white precipitate. After stirring for several
hours, the mixture was filtered through a glass filter.
The product was dried in a vacuum line in a desiccator
for 1 hour and then at a constant temperature of 60° C.
for about 2 hours. The elemental analysis of the amylose
tns(4-phenoxyphenylcarbamate) is shown in Table 9.
The closeness of the numbers between the analyncal
values and the calculated values indicate that the hy-
droxy groups of the amylose have been replaced with
the carbamate groups almost quantitatively.

- TABLE 9
C% - " H% N %
Found 66.40 4.68 5.18
Calculated 67.91 528

4.65

'SYNTHESIS EXAMPLE 29
Surface treatment of silica gel

30 grams of silica gel (Lichrospher Si 4000) was dried
in vacuo at around 180° C. for 2 hours. 180 ml of ben-

10

15

ml of N,N-dimethylacetamide. About 3 m} of the solu-
tion was added to the surface-treated silica gel having a

large pore diameter and shaken well to umformly wet

the silica gel, which was dried in vacuo at about 60° C.

’ This operation was repeated to cause the silica gel to

support the polymer.

The packing material prepared in the above step was
subjected to particle size class:ﬁcat_:on with hexane/2-
propanol (90:10). It was then packed in a stainless steel
column having a length of 25 cm and an innier diameter .

- of 0.46 cm by the slurry packing method.

20

25

30

JASCO TRIROTOR-II was used in HPLC. The
detector and polarimeter used were UV (JASCO UV
DIC-100-III) and JASCO DIP-181C, respectively. The
optical activity was determined with a flow cell having
a size of 5 cmX0.2 cm. The eluents used ‘were hex-
ane/2-propanol  (IPA)  (90/10), hexane/IPA/-
chloroform  (90/5/5),  hexane/IPA/chloroform
(85/5/10), hexane/IPA/chloroform (75/5/20) and hex-
ane/TPA/chloroform (78/2/20). The flow rate and
temperature were 0.5 ml/min and 25° C., respectively.

The following six racemic compounds were used in

- the optical resolution: benzoin (5), transstilbene oxide

- (6),

35

40

50

23

60

‘zene was dried by simple distillation over metallic so-
dium, 6 m! of y-aminopropyltriethoxysilane and 1.8 ml -

of pyridine were added thereto and the mixture was
heated under reflux in a nitrogen stream for 16 hours.
The reaction mixture was poured into methanol, ﬁ]tered
through a glass filter and dried. |

65

6,6'-dimethyl-2, 2'-b1phenyld10] (7), transcyclo-
propanedlcarboxyhc dianilide (8), 1 2,2 2-tetraphenyle- |
thanol (9) and Troger’s base (10). |

CH-—C

O pn
Ph

10

The separation factors a on the cellulose and amylose
triphenylcarbamate derivatives and cellulose and amy-
lose triphenylcarbamates obtained when hexane/2-
propanol (90:10) was used as the eluent are shown in
Table 10. | |

Cellulose tns(&blpheny]ylcarbamate) behaved as a
liquid crystal in THF. Although other tnphenylcarba-
mate derivatives did not behave as a liquid crystal they
were crystallme |
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28

tu:m fnctors a) on cellulosc and am lou t:n hen lcartmmte denvatwﬁ

Cellulose derivatives

Am lose denvatives

S v e v v 4}
Communds _ H— H—
105 | K20 123
" Opp0 o
.6 = OH OH 1.31 135 165 1.13 1.35 1.53
- CH; CH;
&  CONHPh x 131 145 2.53 248 152
CONHPh
9 Ph—CH=—0OH . - i 1.20 l.22 l.3l 1.49 - 1.84
| - | |
- Tr
10 Nb 1.19 125 137 1.09 112 1.2
| ‘—N --
Eluent, hcm-l-pro;:mol (90:10)
The compound 1 to 4 had a poor solublllty in solvcnts 40 | o o
and were scarcely soluble also in chloroform. Chloro- TABLE 11-continued
 form was added to the eluent to vary the composition Cellulose tns(d-styrylphenylwbmte)
| _thcreof in the ‘optical I'CSOII.IUOH The results of using Hex: IPA'CHC];; 1.63(—) 1.26 0.80 - 349( ~) LI13
- cellulose tris(4-styrylphenylcarbamate), cellulose tns(4- 90:5:5 - - |
biphenylylcarbamate), amylose tris(4-styrylphenylcar- 45 :?;::SA:CHCIS- 125(-) 125 071 2.60(-) 126
bamate) and amylose tns(4—b1phenylylcarbamate) 85  HexIPA:CHCls  091(~) 120 072 234(=) 122 0.9
~ separating agents for the above-mentioned six racemic 75.5:20 | - . |
- compounds are shown'in Tables 11-14 respectively.  Hex:IPA:CHCl;  2.0%(-) 1.13 047 11.00(—) 1.24
'FIG. 1 shows the chromatographic resolution of tran-  78:2:20 | - - _
scyclopropane dicarboxylic acid on a column using an 50 o | ~ Racemic ~ Racemic
nmylosc tns(il—styrylphenylcarbamate) packmg | —_Compound9 = Compound 10
| | - kb a Rs k!l «a Rs
| "TABLE 11 | . — . . S _ :
_ . Hex:IPA 90:10 1.2¥+) ~1 LI1%(+) 119 0.66
Cellulose tris(4-styrylphenylcarbamate) HexIPA.CHCl;  116(+) 112 102(+) 122 0.80
- Racemic - | Racemic 9055 | o | 3 5
| L3 - o - R sssm | | N
- — L - HexIPA:CHCl;  04%(+) 119 0.37(+) 1.25
Hex:IPA 90:10 354(+) 105 070(+), 122 088 75:5:20 | | | | o |
- Hex:1IPA:CHCls 3I+) ~1 03%+) L20 076 Hex: IPA.-CHCI;, 0.76(+) 125 0.81 2.74+) 120 107
- 90:5:5 BEE | | 78:2:20 o |
Hex:IPA:CHCIjy 239(+) ~1 O046(3) 1.21 077 60 -
- 85:5:10 o o | - |
75:5:20 | | | | '
“Hex:IPA:CHCl3 200(+) ~1  031(+) 1.23 | Cellulosc msu-mphcnylmbamm) |
7_3:2:20 — — _ | | Racemic " Racemic |
| | Racemic | ~ Racemic 65 | Commund 5 o Commund é _
_..&mM.‘L___ﬂM___ | o ki a Rs k- - a Rs
i ki o R kI a RS = [ dPAS0:10  488(—) ~1 0.72(+) 141 123
Hex:IPA 90:10  LIX-) 131 094 173(-) <1 ‘HexIPA:CHCl;  471(-) ~1 0.52(+) 140 1.29
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" TABLE 12-continued

90:5:5

Cellulose tris(4-biphenyicarbamate)

78:2:20

5,075,009
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| TABLE 14
Amylose ms(d-blphenylcarbamate)
| Racemic - Racemic .
' _Compound5 Compound 6 _
o kit a Rs kI  a Rs
Hex:IPA 90:10 497(+) 123 142 0.78(+) 130 1.00
Hex:IPA:CHCl, 512(+) 1.33 2.13 0.75(+) 13! 137
90:5:5§ - | | | |
Hex:IPA:CHCl; 3.30(4+) 130 205 053(+) 133 128
85:5:5 | |
HexIPA:CHCl;  175(+) 127 177 031(+) 136 090
75:5:20 _ o
HexIPA:CHCl;  2.70(+) 129 205 O041(+) 143 130
78:2:20 - |
‘Racemic Racemic
| Compound 7 Compound 8
- "kl a Rs ki a Rs'
Hex:IPA 90:10 1.63(=) 1.35° 093 146(+) 248 1.84
Hex:IPA:CHCl:  2.54(—=) 131 099 303(+) 297 215
90:5:5 . . - E -
Hex:IPA:CHCl3;  2.17(-) 131 115 2.63(+) 331 24
85:5:10 . - '
Hex: IPA'CHCI3 1.33(—) 131 101 1.92(+) 4.11 25
75:5:20 |
Hex:IPA:CHCI3 2.72(=) 129 0.97 899(+) —_
78:2:20 | | - -~ (not clulcd)
| Racemic Rnccmlc
Compound 9 _~Compound 10 -
k' a Rs kI - a . Rs
Hex:IPA 90:10 221(+) 149 150 1.78(+) LI12 |
Hex:IPA:CHCI; 2.32(+) 149 149 l.38(+) 1.15  0.66
90:5:5- B -
Hex:IPA:CHCI; 1.60(+) 1.50 1.73 0.8%4) 117 0.63
85:5:10 | - | |
Hex:IPA:CHCl3  0.78(+) 1.55 180 047(+) 120
75:5:20 | : |
HexIPA:CHCl;  L14(+) 154 202 221(+) 116 118

78:2:20

As the relative amaunt of chloroform to the cellulose
tris(4-styrylphenylcarbamate) or tris(4-biphenylylcar-

bamate) increased, the elution time shortened. Al-

though the a values thereof for the racemic compounds
(8), (9) and (10) were improved, those for (5) and (6)
scarcely changed and that for the compound (7) was

. reduced.

HexIPA:CHCl3  3.18(—) ~1 044(+) 134 103
85:5:10 - | | |
Hex:IPA:CHClz 1.51(-) ~1 0.58(+) 1.17
75:5:20 | . __
Hex:1PA:CHCl; 278(~) ~1 0.32(+) 137 096
78:2:20 |
| Racemic - Racemic 10
Compound 7 | Compound 8
| kI -a Rs k] a Rs
Hex:IPA 90:10 1.38(~) 1.35 095 190(—) 131
Hex:IPA:CHCl3 1.96(—) 1.25 063 4.34(-) 1.56 147
90:5:5 - 15
Hex:1PA:CHCl4 1.74(-) 121 074 3.52(~) 163 152
85:5:10 - | -
Hex:IPA:CHCl3 1.02(-) 117 062 194-) 1.86 2.00
75:5:20 o
- Hex:IPA:CHCI3 2.16(—) 112 11.4(=-) —
78:2:20 ' o - (not Ch.lted) 20
- Racemic - Racemic
— Compound 9 Compound- 10
ki a Rs ki a Rs
Hex:IPA 90:10 1.67(+) 120  1.59(+) 1.25 0.67
Hex: IPA-CHCI; 1L71(+) 141 129 LIA+) 126 079 9
00:5:5 | | |
Hex:IPA:CHCl3 1.18(+) 1.18 054 0.75(+) 128 0.82
85:5:10 | |
Hex IPA'CHCI3 0.59(4+) 148 1.16 0.34(4+) 1.33
75:5:20 o
Hex:IPA:CHCl3 1.01(+) 1.55 140 0.69(+) 1.35 30
78:2:20
TABLE 13
Amylnsc tns(#styrylphen ylcarbamte) 15
- Racemic ~ Racemic
_Compound 5 Compound 6
| o k1 @ Rs ki = «a Rs
Hex:IPA 90:10 406(+) 120 095 0.83+) 1.19 = 0.83
Hex:IPA:CHC)l;  4.16(4) 1.19 092 0.71(+) 124 088
90:5:5 _ _ ) 4
Hex:IPA:CHCI; 2.77(+) 120 1.09 0.51(+) 125 0.76
85:5:10 | . o
" Hex:IPA:CHCl3  147(+) 119 108 035+) 132 117
75:5:20 | |
Hex:IPA:CHCI 3 1.65(+) 119 107 0.36+) 131 0.67
78220 | _ 45
- Racemic Racemic
oo Compound?7  ___ Compound 8
IR ki a Rs kI a Rs
Hex:IPA 90:10 1.27(-) 1.13 COL3N+) 253 126
Hex:IPA<CHCl3  202(-) 116 051 26%(+) 327 1% 0
90:5:5 | I
Hex:IPA:CHCI; 1.72(-) 117 0.62 2.19(+) 329 228
- 85:5:10 - - N -
Hex:IPA:CHCl;  LI12(~) 129 099 157(+) 344 3.06
75:5:20 . | | | |
Hex:IPA:CHCl; 2.32(—~) 124 082 5.12(4+) — = 35
78:2:20 - | (not eluted)
| ~ Racemic Racemic
- Comggund 9 Communc_l 10
. kI a Rs ki a Rs
Hex:IPA 90:10  1.69(+) 1.31 060 1.5&+) 109 60
Hex:IPA:CHCl3 = 1L.75(4+) 137 0.77 130(+) L1l
90:5:5 | |
Hex:IPA:CHCl3 = 1.28(+) 143 124 083(+) 1.15
£5:5:10 | - . - |
Hex:IPA:CHCl;  080(+) 154 184 044(4) 1.19
75:5:20 ; - | | 65
Hex:IPA:CHCl; 1.03(+) 154 191 0.52(+) 123 0.69

When amylose tns(4-styrylphcnylcarbamate) was
used, the a values for the racemic compounds (6), (7),
(8), (9) and (10) were increased. When amylose tris(4-

| blpheny]ylcarbamate) was used, the a values for the

racemic compounds (6), (8), (9) and (10) were increased.
Particularly, the a value was considerably increased
when a combination of racemic compound (8) with
amylose tris(4-styrylphenylcarbamate) or tris(4-
biphenylylcarbamate) was used.

When hexane/2-propanol/chloroform (78:2: 20) was
used as the eluent, the elution time for racemic com-
pound (8) was quite long and only one enantiomer was
eluted even after 100 min with cellulose tris(4-
biphenylylcarbamate), amylose tris(4-styrylphenylcar-

‘bamate) or amylose tris(4-biphenylylcarbamate).

- For comparison, the results of the resolution obtained
by using amylose triphenylcarbamate as the packing
material and varying the proportion of the components
of the eluent are shown in Table 15. As the relative
amount of chloroform was increased, the elution time
was reduced. Though a slight increase in the A value
was observed for racemic compound (8), the values for
other racemic compounds were substantially un-
changed. | |
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| | - TABLE 15 )
| o o Amylose tﬁghcnxlcarbnmﬁtg o | | )
| | | - Hex:IPA ch IPA: CHC13 | Hex IPA:CHCl;  Hex:]PA:CHCI 3
Racemic ) 590 101 §90 5: 5! QBS 5: 102 g?S 5 202

T37200) --;1 421(+)

s
6 ' . O LIS(-) 153 204-)
¢ 152 460(+)
’ 184 1.61(+)
m 1.28 0.84(+)

-'1- 291<+) "-_--1 1_.60(+) -.'1

152 1.6%(—) 155 114(=) 158 .

143 392(+) 160 312+1) 176

184 L16(+) 185  0.67(+) 185

130 0.58(+) 132 033(+) 131

In Table 16 differences between the a value of the |

packing material obtained when hexane/2-propanol/-

tns(4-b1pheny]ylcarbamate) were used the a value was

- the highest, i.e., 4.11. When the racemic compound (9)

- chioroform (75:5:20) was used as the eluent and that

‘obtained when hexane/2-propanol (90 10) was used are
‘shown in parentheses. For comparison, the a values of

35

- cellulose and amylose tris(3,5-dimethylphenylcarba-
mates) having a high optical resolution capacity are also

- shown. When the racemic compound (8) and amylose «©

45

335

635

and amylose: tns(#blphcnylylcarbamate were used, the

a value was 1.55 and when the racemic compound (10) )
~ and cellulose tns(&blphcny]ylcarbamate) were used,

the a value was 1.33, which were far higher than those
obtained when cellulose and amylose: tns(3 S-dlmcthyl- |
_phcnylcarbamatc) were used.
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EXAMPLE 15

- 3 grams of s:hca gel (RA-227-1) havmg a particle

~ diameter of 7 um and a pore diameter of 10 A which
~ had been surface-treated with 3-amm0pr0pylmethox-
o ysllanc was uniformly moistened five times with a solu-

tion of 0.75 g of cellulose tris(2-phenylethynylphenyl-

~ carbamate) in 20-m! of THF, the solution being divided

into five portions and each portion being used each
~time. The product was sufficiently dried in a vacuum

line in an evaporator. After the particle size classifica-

tion with hexane/2-propanol, the product was packed

| -in-a stainless steel column having a length of 25 cm and

an inner diameter of 0.46 cm by the slurry packing

| - method. The number of theoretical stages was 2400 and |

the dead time was 6.08 min.
- A solution of cellulose tns[4-(2-phenylcthyny])-

3 phenylcarbamate] in THF was cast on a slide glass plate
- and observed with a polarizing microscope to reveal

~ that it was crystalline. 0.305 mg/ul solution of cellulose

tris[4-(2-phenylethynyl)phenylcarbamate] in THF was

prepared and the liquid-crystal property thereof was

‘examined. The solution was green, since cellulose tris[4--

~ (2-phenylethynyl)phenylcarbamate] per se was a green

polymer. After 2 few days, the solution was slightly 25

pearly.
Though the exact cr-va]uc of

—C=cC

was unknown, it was supposedly a weakly electron-
attractive group, since acetone elutlon time thereof was

10 97 min.
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~ It-was supposed that when chloroform was added to
the eluent, chloroform surrounded the phenyl group -
owing to the interaction between chloroform and the

~ phenyl group to change the resolution power. There-

5 fore, hexane/2-propanol/chloroform (90:5: 5) was used

~as the eluent. As a result, the resolution power was
higher than that of hexane/2-propanol (90:10), though
~the extent of the i Increase vaned dcpcndmg on the com-
-.pounds such as | |
10

15

CF3. Ph |
~ Ph | I
20 Ph--CH--OH Tr—CH-—OH Cr(mc)s
. OHO
I [
- Ph=C=—C~—Ph.

On the contrary, the rcsOlution-power for

30

and Troger base was reduccad (see T_abl_e 17).
~ TABLE17

Thc resuits of optical rm]utlnn with cellulose

2-phen If_:th Dphen Icarbumte at 25° C.
| ~ Hex:IPA ~ Hex: IPA :CHCI;3
~__%0:10 9055
Racemate o K ',a..'_ R« k¥ a R
OH OH 131(=) 127 068 221 L4
246(-) 146 548 157  1.66
- q:CONHPh C417(-) . 194 260
Troger base 2.11(+) 1.13 0.72. 1.01 1.07
333(—-) 109 323 110

.02
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- TABLE 17-continued

The results of optical resolution with cellulose
_tris{4-(2-phenylethynyl)phenylcarbamate] at 25° C.

38 -

Hex:IPA - Hex:1IPA:CHCl3
| | _ . 90:10 90:5:5
Racemate | . k¥  a Ry K a R
0, ' - '  0.84(+) 1.68 283 073 200 389
Ph
or C|3F3 1.18(-=) 120 075 199 130 1.95
Ph=—CHOH
Ph
li"h _ 225(+) 150 258 128 169 255
Tr—CH—OH ' '
Co(ACAC); | 7.82(+) 141 229
CH{ACAC); 582(~) 154 195 252 156 194
o 275(=) 114 079 135 116 1.02
629(—) 125 257 699 127 263
10.02(+)  1.02 4.16 1.04
EXAMPLE 16 40

Sillca gel (RA 227-1) having a particle diameter of 7
- um and a pore diameter of 4000 A which had been
surface-treated with 3-aminopropyltriethoxysilane was
used. 0.75 grams of cellulose tns(&phenoxyphenylcar-

bamate) was dissolved in 10 ml of THF. 3.02 grams of 4>

the surface-treated silica gel (RA 227-1) was uniformly
moistened with about 2.5 m! of THF Solution and then

sufficiently dried in a vacuum line in an evaporator.

This procedure was repeated four times. 0.76 g of amy-
lose tris(4-phenoxyphenylcarbamate) was dissolved in
10 m! of THF. The same treatment as that of cellulose
tris(4-phenoxyphenylcarbamate) was conducted except
that 3.02 grams of RA 227-1 was used.

The packing material prepared in the above step was
subjected to particle size classification with hexane/2-

- propanol and packed in a stainless steel column having
a length of 25 cm and an inner diameter of 0.46 cm by -

the slurry packing method. |

When 0.5 ml/min of hexanc/Z-proPanol (90:10) (25°
C.) was used as the eluent, the number of theoretical
plates for benzene was 2700 [cellulose tris(4-phenoxy-

35

phenylcarbamate)] and 3000 [amylose tns(4—phenoxy- -

| phenylcarbamate)]

Cellulose tns(4-phenoxyphenyloarbamate) formed
llquld crystals in THF. The high crystallinity of this
compound was confirmed by casting on a glass plate
followed by observation with a polarizing microscope.
Amylose carbamate was also cast from THF and ob-

635

served with a polarizing mlcroscope to reveal that it
formed no liquid crystals, though it formed crystals.
Since both compounds were highly soluble in chloro-

form, hexane/2-propanol (90:10) free from chloroform N

was used as the eluent. ..
In the results of the resolution obtamed with cellulose
tns(Lphenoxyphenylcarbamate) the resolution result

for racemic compound 13 was better (a=1.53) than

those obtained with cellulose tris(3,5 dimethylphenyl- -
carbamate) and cellulose tns(3 5 dichlorophenylcarba-

‘mate) and a values for racemic compounds 15 and 16

were as high as 1.81 and 1.72, respectively. It is appar-
ent from Table 18 that the a values for racemic > com-

pounds 16, 17 and
D:CONHPh |
CON_HPh

were quite as high as 1.72, 3.04 and 1.32, respectively.
Thus, high resolution capacities were obtained when
the anilide compounds were used. The a values, for
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I ~ In thc results of the resolution obtamed w:th amylosc

"o . tns(4-phenoxyphcnylcarbamatc) the racemic com-

L Zph PO . pounds which could not be resolved with amylose
| tris(3,5 dlmethy]phcnylcarbamate) and amylose tris(3,5
‘ -OH 5 dlchlorophcnylcarbamatc) could be resolved with amy- |

" Ph - lose tris(4-phenoxyphenylcarbamate), though the a

values were low (a=1.08 and 1.16, respectively). In the
results of the resolution of racemic compounds 8 and 13,
- excellent resolution results (a=2.24) and 2. 12) wcre

10 obtamed

‘was 1.29.

_TABLEis--

" The results of rmlution' with 11113 4 :

Cellulose g is(4-phenoxyphenylcarbamate) 'A_mzlou trigl-g' hmbimhenxicarbamltc!

- ki* a _'_li,' T < . .-u'.. . Rg
L44(-) 115 L 1.21(~) 1.55 13t
7
O p,, " 0.82(+) 137 170 - 0.74(+) 224 375
PR
?Hﬁb _ 4.78(-) 1.10 077 5.51(+) 1.19 1.40
Ph—C—C—Ph %
Troger base 10 175(—) ~1 f 1.42(+) - 1.55 175
3.07(-) 115 1.46 2.76(7) 1.04
11
o (l:F;;' 1.00(=) 1.33 131 0.85(+) LI
Ph—CH—OH 12
l"h 1.92(+) 1.53 1.61 2.3%(+) 212 224
Tr~CH—OH 13 o '
-.I:I) ' 1.94(—) 1.12 0.67 1.66(+) 1.08
14
CHACACHIS 1.68(+4) 181 1Lm 1.66(+) 116
{Connph 2.14-) 1.72 1.21 LIN+) 1.32
- - CONHPh
 _+—=CONHPh 4.03(-) 3.04 3.16 2.90(+) 1.70
q: 1M "
e Phy -~
~ CHACAC): 18 - 2.08(+) 2.27 3.31 | ' 1.41(+)  1.15
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TABLE 18-continued
__The results of resolution with 1 and 4 " N S
S | - Cellulose tris(4-phenoxyphenylcarbamate) ~ ___Amylose tris(4-phenoxyphenylcarbamate)
Racemate - R o ki . a R, - kK a Rs
| S LI1(=) 1.15 1.14(~) . 1.09 -
Me
19
(I:H-.'CH-’* 1.55(~) ~ 1 |  1.18(+) -~ 1 | .
OH 20
‘TABLE 19
“The results of resolution with celiulose derivatives
| tri(4-phenoxy tris(3,5 dimethyl - tri(3,5 dichloro-
phenylcarbamate) _ phenylcarbamate) phenylcarbamate)
Racemate kI a R; k1 a R, kit -« R;

7 1.44(—) LIS 2.36(~) 1.83 439 162(+) L11 075

8 0.82(+) 1.37 L.70  0.74(-) 1.68 322 0.564+) 184 420

S 4.78(-) 1.10 077 2.43(+) 1.58 438 3.08(—-) 121 191

10 1.75(—) ~1 0.98(+) 1.32 192 08%(+) 165 3.89

11 3.0%—) L15 146 1.47(-) 141 308 1.55(-~) 120 148
12 - 1.0O(—) 1.33  1.31  2.13(-) 2.59 640 028(-—) 138 0.87
13 1.92(+4+) 1.83 1.61 137%+) 134 187 04+) 129 084
14 1.94( =) 1.12 0.67 1.1%(-) 1.1 090 265(—=) 126 1.95
15 168(+) 181 172 042(+) ~1 0.76(+) 1.82 4.06

16 C2.14=) . 172 121 O83+) 317 617 05%+) 14] 147
TABLE 20

“The results of resolution with amylose derivatives .

tri(4-phenoxy tris(3,5 dimethyl tri(3,5 dichloro-
| _ phenylcarbamate) =~ ___ phenylcarbamate) = ___ phenylcarbamate)
Racemate kI a R k1 a R; k] a R;
7 1.21(—) 155 131 246(-) 211 638 1LI1N+) ~I1
8 0.74(+) 224 375 0.42(+4) 3.04 6.67 0.50(+) 132 169
9 §51(+) 1.19 140 3.14-) 1.21 207 6.08(+) ~1 -
10 1.42(+) 1.55 175 0.53(+) 1.58 230 0.84(+) 1.34 2.27
I 2.76(7) 1.04 0.93(+) .12 0.77 1.62(+) 1.10
12 0.85(+) 111 ~  130(4) L15 075 037 100 6.05
13 2.3%(+) 2.12 224 265(+) 198 548 088(+) 2.25
14 1.66(+) 1.08 0.61(=) ~1 | 1.26(—) ~1
15 1.66(—) 1.16 0.25(-) ~1 0.63(+) ~1
1.I9(+) 1.32 3.25(+) . 201 359 0.59%-) 1.11

16

The cmbodlments of the invention in which an exclu-

5. A method as clalmed in clalm 4 wherem said car-

rier is from 1-300 um in size.
6. A method as claimed in claim 4, wherein the pore

sive property or pnw]ege is claimed are defined as 55 size of said carrier is from 50-50,000 A.

follows:
1. A method of scparatmg a chemical substance from

a mixture containing the same, which comprises the step

of treating said mixture with cellulose tris-4-biphenyl

carboxylate |

2. A method as claimed 1n clmm 1, in which sald
mixture is a mixture of optical isomers. |

3. A method as claimed in claim 1, in which the
‘method is conducted through a chromatographlc col-
umn or layer.
4. A method as claimed in claim 1, wherein said poly-
saccharide derivative is supported on a porous particu-
late carrier in an amount of from 1-100 wt. % based on

said carrier.

7. A method as claimed in claim 1, wherein said de-
rivative is supported on a porous particulate carrier in

~an amount preferably from 5-50 wt. % based on said

65

‘carrier.

8. A method effective for separatmg chcmlcal sub-
stances from mixtures thereof and for separating optical

isomers from mixtures thereof, which comprises the

step of contacting said mixture, under conditions effec-
tive for chromatographic separatlon with a chromato-
graphic separating agent comprising cellulose tris-4-
biphenyl carboxylate.

9. The method of claim 8, wherein the chromato-

graphic separating agent s supported on silica beads

* =% *
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